Abstract. Chagas disease has become frequent in non-endemic areas, where it can be transmitted by blood transmission. Therefore, we explored seroprevalence of anti-Trypanosoma cruzi antibodies among blood donors at the Cardiology Hospital, Mexican Institute of Social Security at Monterrey, Nuevo León, by both an enzyme-linked immunosorbent assay and indirect hemagglutination. Blood samples from 1,000 healthy blood donors were selected. A seropositivity of 2.8% was shown among the studied population, of which 2.59% (21/809) were inhabitants of Nuevo León, whereas 3.07% (2/65) and 3.96% (5/126) were from Coahuila and Tamaulipas, respectively. Our result is higher than that of a previous study from 1998, where a prevalence of 0.5% was reported. This once again corroborates the importance of installing a surveillance program to detect and prevent the transfusion of T. cruzi from asymptomatic blood donors in blood banks located in urban cities recognized as non-endemic.
INTRODUCTION
Chagas disease is an endemic infection caused by the protozoan parasite Trypanosoma cruzi . It is a major health problem in rural and, more recently, urban areas, where 15 million people are infected and > 28 million are at risk of being infected. 1 Unexpectedly, 60% of them live in urban areas, and ~50% are in a latent period. 2 American trypanosomiasis is transmitted to humans usually by hematophagous kissing bugs, 3 but actually, blood transfusion is most important in urbanized cities by massive immigration from endemic areas, 1 where an increasing number of cases have been reported in some states of Mexico. 2, 4 Ten years ago, positive blood donors were reported with a prevalence of 0.5% (of 431) in Nuevo León state. 5 Therefore, our objective was to update the prevalence of Chagas disease among donors in northeastern Mexico, a nonendemic area, with two different serologic tests, as suggested by the World Health Organization. 6 
MATERIALS AND METHODS

Study area. Nuevo León is located in northeast Mexico
and has a border with Texas (27°49′N, 23°11′S and 98°26′E, 101°14′W; Figure 1 ). Monterrey is the capital of the state and is an urban city, with a population of ~4,199,292 inhabitants, of which 96,326 were born in different states of Mexico. 7 The Cardiology Hospital belongs to the Mexican Institute of Social Security (IMSS), a principal center of medical care for 1,035,330 workers 8 of Nuevo León and neighbor states (mainly Coahuila and Tamaulipas).
Study population. The sample was determined with an estimated prevalence for T. cruzi antibodies of 0.5%, reported previously. 5 A sample size of 1,000 blood donors (8.3%) was calculated from a total of 12,000 donors per year, with an absolute precision of 1.96, confidence level of 97.5%, and E = 1.36 , which exceed the calculated sample size. Nine hundred twenty-six men and seventy-four women were randomly selected, with a female:male ratio of 1:12.5, as representative of the sex composition of the larger donor population (constituted mainly by relatives or friends' patients) at the Cardiology Hospital. According to the protocol described in the Technical Norm for Blood Banks in Mexico, the criteria included age between 18 and 50 years, weight > 50 kg ( Table 1 ) , clinically healthy, and seronegative for hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis B virus surface antigen (HBsAg), Brucella abortus (BrA), venereal disease (VDRL), and human immunodeficiency virus (HIV).
Ethical consideration. The study protocol was reviewed and approved by the ethics committee of the Universidad Autónoma de Nuevo León and was performed according to protocol described in the Technical Norm for Blood Banks in Mexico (IMSS).
Serologic test for Chagas disease. The samples from blood donors were collected from a peripheral vein using a Vacutainer system. The serum was separated by centrifugation (1,200 g for 10 minutes), aliquoted in 1.5-mL tubes, and stored at −20°C until use. 2 Enzyme-linked immunosorbent assay. Enzyme-linked immunosorbent assay (ELISA; Chagatest ELISA recombinant v. 3.0; Wiener Laboratory, Rosario, Argentina ) was carried out according to the manufacturer's protocol. Absorbance was measured spectrophotometrically at 450/620 nm (Multiscan MS; Thermo Labsystem, Waltham, MA). Each test was carried out in duplicate. Positive (sera from chronic chagasic patients from Brazil and Mexico were obtained from the Instituto Nacional de Cardiología Ignacio Chavez and CINVESTAV-IPN, D.F., Mexico) and negative controls (sera from healthy individuals) were included in each test.
Indirect hemagglutination assay. The indirect hemagglu tination assay (IHA; SERODIA-Chagas; Fujirebio, Tokyo, Japan) was carried out according to the manufacturer's instructions. Reactive samples at dilution ≥ 1:32 were considered a positive test. All samples were analyzed in duplicate, including the control positive and negative sera described above.
Data analysis. The χ 2 test ( P < 0.05) was used to determine significant dependence between serologic test (positive/ negative), age range (years), and birthplace (Tamaulipas, Nuevo León, Coahuila), using SPSS software v. 15 (Chicago, IL).
RESULTS
Seropositive blood donors were characterized by matching results of ELISA and IHA. On the basis of this sample, 28 (2.8%) showed antibodies against T. cruzi ( Table 1 ) . With regard to the birth place of the blood donors, 80.9% (809) were born in the metropolitan area of the state of Nuevo León, and the remainder (19.1%; 191) were blood donors born from the neighbor states of Coahuila and Tamaulipas (6.5% and 12.6%, respectively); 21 seropositive donors were from Nuevo León (2.59%), 2 were from Coahuila, and 5 were from Tamaulipas. With regard to age range, this study shows that the highest frequency of seropositives was observed among blood donors 36-45 years of age (1.2%, 12/1,000). The highest frequency was also higher in women (4.05%, 3/74) than in men (2.69%, 25/926). More detailed information, with regard to seroprevalence by birthplace, sex, and age is shown in Table 1 . There was no significant statistical association between serologic results (ELISA or IHA), sex composition (χ 2 = 5.351, P = 0.500), and birthplace of donors (χ 2 = 12.011, P = 0.445).
DISCUSSION
The results presented in this study showed evidence of infection by T. cruzi in the population of a non-endemic area of northeast Mexico, indicated by the presence of high levels of antibodies to this parasite; in this region of Mexico, the reported 0.5% prevalence of Chagas disease by the official Secretaria de Salud in 1998 is believed to be underestimated. 5, 9 This study showed that the seroprevalence of anti-T. cruzi antibodies in blood donors was greater that reported and may suggest the importance of blood transfusion as one of the main routes of T. cruzi transmission, which calls for urgent Chagas serologic testing of blood donors in blood banks 4 of urban cities, where many people from endemic rural regions reside, such as in the case of Nuevo León, where in 2005 alone, 96,326 immigrants arrived, adding to the 827,453 already present, 7 which should be further studied in future epidemiologic studies. This study is not statistically representative for inhabitants of Coahuila and Tamaulipas, because our studied population was blood donors from the Cardiology Hospital. In addition, we considered necessary a new screening of seroprevalence in an open population, because the only current information available is from a National Seroepidemiology Survey performed in 1987 and published in 1992 that showed only 0.1% of prevalence for Coahuila and Tamaulipas and 0.2% for Nuevo León 9 ; obviously, these results stress the need to update the knowledge of Chagas disease in northern geographic areas of Mexico, such as requested by some reports. 10 Similar results, with higher seroprevalence than reported earlier, 5, 9 have been shown for the cities of Tijuana, Mexicali, Ensenada, and Tecate, in which infected workers were identified as originating from the "Mixteca Oaxaqueña," where each year > 100,000 people depart to other cities but only 25% return to their city of origin. 9 Recent reports have shown a seroprevalence of 7.7% in blood donors from Puebla (another non-endemic area); furthermore, in the urban area of Morelos, a prevalence of seropositivity of 20% was reported. 10 These results strongly contrast with a low prevalence published in Figure 1 . The northeast state of Nuevo León (enlarged area). The city of Monterrey is located in the square, which is the metropolitan area. Table 1 Seroprevalence of anti-T. cruzi antibodies (ELISA and HAI) among blood donors according to their geographical origin, sex composition, and age ranges 1992 (1.6% and 0.1-1.5% for Puebla and Morelos, respectively). 9 In this manner, we could suggest that migration phenomenon of rural populations to industrial or tourist cities spreads Chagas disease throughout the country and increases the risk of transmission by blood transfusion in urban areas. 5 In the population studied, it was noted in the filled-out questionnaires that none of the individuals reported heart problems, which may indicate that seropositive individuals were infected but not sick (indeterminate cases 11, 12 ). Similar cases for Chagas disease were reported in Guerrero, 12 Puebla, 2 and Morelos, 10 but none of the seropositive individuals showed intestinal or heart problems, which could suggest that, in Mexico, the infection by T. cruzi is mainly "silent." 2 In many countries of Latin America, serologic tests are compulsory for blood donors, such as in Chile; however, in Mexico, these measures are only applied in endemic areas, 5 according to the guidelines of the Official Mexican Standard, 11 although endemic are not specified. Therefore, there is a need for health systems to develop a program for the serologic screening of blood donors for anti-T. cruzi antibodies. This would allow the detection of persons who have been exposed to T. cruzi, so that they can be excluded as candidates of blood donors, which would break the chain of transmission of the infection by blood transfusion. 13 An important question in our questionnaire was the birthplace of the donor; a trend to a higher prevalence among blood donors who were born in the metropolitan area of the state of Nuevo León was observed. However, it will be interesting to analyze the donor's parental birth place because most of the people evaluated were born or resided outside of the urban city (rural zones of Nuevo León or central and southern areas of Mexico).
We conclude that it is necessary to observe the recommendations and standards issued for the control of Chagas disease, which have been authorized and ratified in various inter-gubernatorial meetings of the region.
14 Therefore, it is recommended that the screening of blood donors for anti-T. cruzi antibodies be compulsory for all states of Mexico, because increased migration within the country has extended the boundaries of endemic areas, which can be further worsened by the transmission of the disease through blood transfusion. Based on our results, the transmission of T. cruzi by blood transfusion may be an emerging risk in Nuevo León, considering that there has been an ~5-fold increase in the incidence of seropositive individuals.
